In order to study the functional development of a thymus in an experimental model, small pieces of adult rat thymic tissue were cultured for 9 days and implanted under the kidney capsule of littermates. The tissues were examined with a panel of antibodies raised against thymic and neural factors and neural crest cells at intervals from 5 to 13 days. At 5 days post-implantation, there were groups of L1ϩ cells within the implants that reacted with antibodies raised against neural and neural crest cell markers. L1ϩ cells were highly mitotic, rounded cells measuring 8.7 Ϯ 0.6 µm in diameter. Double immunostaining with different combinations of antibodies showed that 94% of the L1ϩ cells were also THϩ, and many were HNK-1/NCAMϩ, PGP 9.5ϩ, NGFϩ, chromogranin Aϩ, VIPϩ, S100ϩ, CGRPϩ, GADϩ, and A2B5ϩ. A few were also pan-cytokeratinϩ. These results indicate that these cells are derived from neural crest derived cells and belong to the neuroepithelial line of development. The L1ϩ cells were most numerous before nerves appeared (about Day 9) and reduced in number and extent as the thymus differentiated. The neural crest cells occasionally had long cytoplasmic extensions, but it was not possible to decide if they formed the nerves that appeared in the implants. Adult thymuses also contained a population of L1ϩ and HNK-1/NCAMϩ cells, mainly in the subcapsular cortex, the septa, and the medulla. These cells could be a source of neural crest cells able to repopulate the implant. The adult thymus may always contain a reservoir of cells potentially capable of producing neuropeptides and transmitter factors required for thymic growth and regeneration.
INTRODUCTION
The development of the thymus depends on the presence of neural crest cells (Le Douarin & Jotereau, 1975 , 1981 Bockman & Kirby, 1984) . Embryological observations suggested this, and clinical conditions with a hypothymic or athymic state (and cardiac anomalies), such as the Di George syndrome, can be traced to effective deletion of rhombocephalic neural crest (Couly, Lagrue & Griscelli, 1983 ). Robin's syndrome and Cri du Chat have also been linked to a neural crest defect. More recent studies have shown that disruption of the Hoxa-3 gene (involved in neural patterning), deletion of Hox1.5, or mutation of the Pax-1 gene (the expression of which precedes Hoxa-3 gene activity) cause an athymic or hypothymic condition (Manley & Cappecchi, 1995; Chisaka & Capecchi, 1991) .
Neuroectodermal neural crest cells are multipotential. In addition to forming the neural tube (central nervous system), subsets can give rise to neural crest cells forming the peripheral nervous system and to other cells such as melanocytes and adrenomedullary cells (Stemple & Anderson, 1993; Selleck, Scherson, & Bronner-Fraser, 1993; Bronner-Fraser, 1995) . Within the thymic medulla, neural crest cells are known to give rise to myoid cells (Nakamura & Ayer-Le Lièvre, 1986) . Recent work indi-
